To clarify whether circulating matrix metalloproteinases (MMPs) and their tissue inhibitors (TIMPs) can be used as serum markers of fibroproliferation in chronic liver diseases, we studied the expression of MMP-2 and MMP-9 in relation to TIMP-1 and TIMP-2 in peripheral blood mononuclear leukocytes (MNLs) and polymorphonuclear leukocytes (PMLs), and compared this expression to circulating concentrations and hepatic histology in patients with chronic active hepatitis C (CAH). Methods: Quantitative reverse transcription-PCR/ ELISA assays were performed for MMP and TIMP RNA, and corresponding circulating protein concentrations were studied by ELISA in 20 healthy controls, 40 patients with CAH, and 20 patients with hepatitis Cinduced cirrhosis (Ci). Results: MMP-2 mRNA was found almost exclusively in the liver, MMP-9 mRNA in leukocytes. TIMP RNAequivalents were decreased in MNLs of CAH patients, but neither MMP-9 nor TIMP RNA expression showed any correlation to the extent of inflammation and fibrosis. MMP-2 and TIMP-1 protein concentrations were increased in Ci patients and showed a wide overlap in CAH patients and healthy controls. MMP-9 values were lower in CAH and Ci patients than in healthy controls. TIMP-2 values showed a wide overlap in all three groups. The MMP-2/TIMP-1 and MMP-9/TIMP-1 ratios were lower in Ci patients than in healthy controls; the MMP-2/TIMP-2 and MMP-9/TIMP-2 ratios were not different. Circulating TIMP-1 and the MMP-2/TIMP-1
In chronic liver diseases, the prognosis is determined mainly by the progression of fibrosis and the ultimate development of cirrhosis (Ci). 4 The diagnostic evaluation of fibroproliferative activity is difficult, and there are no established noninvasive markers or tests. Liver biopsy is still regarded as the gold standard for the evaluation of fibrosis, but even elaborated scores of histological activity are limited in their ability to assess the prognosis in the individual case.
Several biochemical indicators have been discussed as potential noninvasive serum/plasma markers of fibroproliferation. Among them the matrix metalloproteinases (MMPs) and their tissue inhibitors (TIMPs) have been shown by several groups to correlate more or less closely with the development of Ci, the extent of toxic damage to the liver in alcoholic liver disease, and the inflammatory activity in patients with chronic viral hepatitis (1) (2) (3) (4) (5) (6) (7) (8) .
Hepatic fibrosis is the result of an imbalance between enhanced matrix synthesis and diminished breakdown of connective tissue proteins, the net result of which is increased deposition of extracellular matrix. In this concept, MMPs play an important role because their activity is largely responsible for matrix breakdown (9, 10 ) . Among the family of zinc-containing enzymes collectively named MMPs, different groups can be distinguished according to their substrate specificity (11 ) .
Gelatinases (type IV collagenases) may be especially important for the development of organ fibrosis because they degrade type IV (basal membrane) collagen and thus are involved in the early steps of tissue remodeling that characterizes chronic liver diseases (12, 13 ) .
Most studies have assessed the circulating concentrations of different MMPs and TIMPs in peripheral blood, assuming that a substantial amount of the circulating enzymes and inhibitors derives from the liver. However, little is known about the cellular sources of circulating MMPs and TIMPs. Therefore, we investigated the expression of MMP-2 (gelatinase A; 72-kDa type IV collagenase), MMP-9 (gelatinase B; 92-kDa type IV collagenase), TIMP-1, and TIMP-2 in circulating peripheral blood cells and compared this expression to the circulating concentrations of protease and inhibitor protein. The results were correlated to the histologic findings in liver biopsies.
Materials and Methods study subjects
Twenty healthy volunteers were recruited from the blood donor clientele of the Medizinische Hochschule Hannover and served as controls. The volunteers were investigated thoroughly to make sure that they were free of liver disease or other relevant health problems. All had normal liver function tests, a normal differential blood count, unimpaired renal function, and C-reactive protein concentrations within the appropriate reference intervals.
Forty patients with hepatitis C virus (HCV) infection and histologically confirmed chronic active hepatitis (CAH), and 20 patients with histologically confirmed, HCV-induced end-stage liver Ci were studied. Histologic activity of both inflammation and fibrosis were assessed in liver biopsies taken at the same time as the blood samples. The hepatic activity index proposed by Ishak et al. (14 ) was used for quantification of inflammation and fibrosis.
In all studied patients and controls, chest-x-rays, abdominal ultrasound examinations, and determination of ␣-fetoprotein, CEA, and CA 19-9 serum concentrations were performed to exclude the presence of tumors.
All patients and controls were informed about the rationale and possible risks of the study and gave written informed consent before inclusion. The study protocol was approved by the ethics committee of the Medizinische Hochschule Hannover. mononuclear and polymorphonuclear leukocyte separation and isolation of rna Fixed amounts of in vitro-synthesized competitor RNA for MMP-9, TIMP-1, and TIMP-2 were added. The same primer pairs bound to cDNA of competitor RNA and natural mRNA origin, respectively, but differences in the sequences of both cDNAs enabled hybridization with different capture probes for ELISA detection. For purposes of validation and calibration of the procedure, various amounts of in vitro-transcribed RNA (10 5 , 10 6 , 10 7 , 10 8 , and 10 9 molecules) equal to the mRNA for MMP-9, TIMP-1, and TIMP-2 were coamplified with 10 6 molecules of competitor RNA for quantification of MMP-9 and TIMP-2 or with 10 8 molecules for quantification of TIMP-1. The concentration of in vitro-transcribed RNA was determined photometrically at 260/280 nm. For labeling of PCR products, digoxigenin-11-dUTP (final concentration, 6 mol/L; Roche Diagnostics) was added to be incorporated during amplification.
quantification of pcr products
For quantification of amplified cDNA, an ELISA procedure (Enzymun Test ® ; Roche Diagnostics) was performed on an automated ES-300 analyzer (Roche Diagnostics) according to the manufacturer's instructions as described previously (19 ) . In the first step, different biotinylated oligonucleotides for hybridization with amplified cDNA of sample mRNA origin and competitor RNA origin, respectively, were used as capture probes to bind PCR products to the solid phase. The following capture probes used:
MMP-9 capture probe: biotin-5Ј-GGG AAG TAC TGG CGA TTC TC-3Ј; MMP-9 competitor capture probe: biotin-5Ј-GGG AAG GAT CCC GCA TTC TC-3Ј; TIMP-1 capture probe: biotin-5Ј-ACT GCA GAG TGG CAC TCA TTG CT-3Ј; TIMP-1 competitor capture probe: biotin-5Ј-CTG CAG TGA GGA TCC CAT TG-3Ј; TIMP-2 capture probe: biotin-5Ј-GAG TGC CTC TGG ATG GAC TG-3Ј; TIMP-2 competitor capture probe: biotin-5Ј-GAG TGC CAG AGG ATC CAC TG-3Ј.
In the second step, peroxidase-conjugated antibodies against digoxigenin were added. After addition of the chromogen 2,2Ј-azino-bis(3-ethylbenz-thiozoline-6-sulfonic acid), the absorbance at 405 nm was measured. This procedure of separate hybridization with different capture probes yielded signals equivalent to the amount of cDNA of sample mRNA origin and competitor RNA origin, respectively. Results were expressed as the ratio of these signals (cDNA/cDNA competitor ). Various amounts of template in combination with a fixed amount of a competitor should yield a linear curve in a double-logarithmic plot expressing the amount of a varying template on one scale and the ratio of both PCR products (template/ competitor) on the other scale. RNA-equivalents per cell were calculated from calibration curves based on in vitro-transcribed calibrator cRNA. Data for each calibration curve were calculated from means of different measurements under identical assay conditions (n ϭ 8) by linear regression. These data (y ϭ ax ϩ b) were calculated for TIMP-1 (a ϭ Ϫ4.4; b ϭ 0.555; r ϭ 0.9997), TIMP-2 (a ϭ Ϫ4.83; b ϭ 0.706; r ϭ 0.998), and MMP-9 (a ϭ Ϫ4.997; b ϭ 0.645; r ϭ 0.9999), respectively.
evaluation of the rt-pcr assay
To provide precision data, RNA isolations and subsequent competitive RT-PCR ELISAs from pooled MNLs and PMLs were performed separately at eight different times. Table 1 shows the evaluation data with the coefficients of variation (CVs), which were, on average, ϳ23% for the absorbance ratios (template/competitor) and 37% for the RNA-equivalents/cell data derived from the mean calibration curves, as described above.
cloning of calibrators
As described earlier, nucleotides 387-710 of TIMP-1, nucleotides 474 -1007 of TIMP-2 (1 ), and nucleotides 1319 -1938 of MMP-9 cDNA (20 ) were cloned in pBluescript KSϩ (Stratagene) using PCR primers with flanking EcoRI and HindIII restriction sites. For the construction of internal standards, several base substitutions were introduced into the capture probe binding region by two PCR primers with flanking BamHI restriction sites. Two different amplifications were performed as described previously (19 ) with these primers in combination with the outer primers, yielding EcoRI/BamHI and BamHI/HindIII DNA fragments that were joined together by ligation with an EcoRI/HindIII pBluescript KSϩ vector. The sequences of the BamHI flanking primers for introducing of the mismatches were as follows: MMP-9: 5Ј-GAA GGA TCC CGC ATT CTC TGA GGG CAG GGG-3Ј (upstream) and 5Ј-CGC GGA TCC TTC CCA TCC TTG AC AAA TAC-3Ј (downstream); TIMP-1: 5Ј-AGT GGA TCC CAT TGC TTG TGG ACG GAC CAG-3Ј (upstream) and 5Ј-ATG GGA TCC TCA CTG CAG TTT GCA GGG GAT GGA-3Ј (downstream); TIMP-2: 5Ј-TCT GGA TCC ACT GGG TCA CAG AGA AGA AC-3Ј (upstream) and 5Ј-AGT GGA TCC TCT GGC ACT CGT CCG GGG AGG-3Ј (downstream).
Plasmid clones were purified with the QiaAmp Plasmid Kit (Qiagen). Plasmid DNA (1 g) was linearized with restriction endonuclease NotI, and an in vitro transcription was performed, using the RNA Transcription Kit (Stratagene). The RNA concentration was measured photometrically after DNase I digestion, phenol/chloroform treatment, ethanol precipitation, and reconstitution in RNase-free water. Stock solutions of each in vitrotranscribed cRNA containing 10 10 molecules/L were prepared. A special dilutor solution containing 10 mg/L tRNA (Roche Diagnostics) was used for each subsequent 
timp and mmp elisa
The Biotrak TIMP-1, TIMP-2, MMP-2, and MMP-9 human ELISA systems (Amersham-Pharmacia) were used to determine TIMP or MMP concentrations in heparin plasma (TIMP-1, 1:21 dilution) and serum (TIMP-2, 1:4 dilution; MMP-2, 1:50 dilution; MMP-9, 1:11 dilution). The TIMP-1 ELISA detects both the free and complexed form of the protein.
In contrast, the TIMP-2 ELISA detects only unbound, free TIMP-2. An evaluation of the assays using samples from healthy volunteers was published recently (21, 22 ) . Between-assay CVs in this evaluation were Ͻ15% for TIMP-1, 6% for TIMP-2, 12% for MMP-2, and 10% for MMP-9, respectively. Recovery was nearly 100% in serum and plasma. The MMP-2 assay recognizes the free precursor of MMP-2 (proMMP-2) and that complexed with TIMP-2, but not active MMP-2. The MMP-9 ELISA shows 100% cross-reactivity for proMMP-9 and proMMP-9/ TIMP-1 complex. Little cross-reactivity was described for active MMP-9 (2.7%).
statistics
The Mann-Whitney U-test was performed to compare results in patient subgroups. Differences were considered significant when P values were Ͻ0.05. Circulating MMP and TIMP protein concentrations are given as mean Ϯ SD; because of the limited number of patients, the RNA data are expressed as mean Ϯ SE.
Results

circulating gelatinases and TIMPs
Circulating concentrations of the proenzymes of MMP-2 (gelatinase A; 72-kDa type IV collagenase) and MMP-9 (gelatinase B; 92-kDa type IV collagenase) as well as TIMP-1 and TIMP-2 in healthy controls, patients with CAH, and patients with HCV-induced Ci are shown in Fig. 1 . Circulating MMP-2 concentrations in healthy controls were slightly higher than in patients with CAH (752 Ϯ 152 g/L vs 649 Ϯ 168 g/L; P Ͻ0.01), but absolute differences were small and the values showed a wide overlap. In patients with Ci, circulating MMP-2 concentrations were almost twice as high as in healthy controls (1322 Ϯ 245 g/L) and overlap of values was small (P Ͻ0.0001 vs controls and vs CAH).
Circulating MMP-9 concentrations were lower in patients with CAH than in healthy controls (293 Ϯ 226 g/L vs 455 Ϯ 185 g/L; P ϭ 0.001) and were lowest in patients with Ci (140 Ϯ 73 g/L; P Ͻ0.001 vs controls and P Ͻ0.005 vs CAH, respectively).
Plasma TIMP-1 concentrations were higher in patients with CAH (335 Ϯ 365 g/L) and Ci (666 Ϯ 244 g/L) compared with healthy controls (134 Ϯ 29 g/L). Values in patients with CAH showed wide variation and overlapped with those observed in healthy controls, as well as with those seen in cirrhotic patients. In contrast, the ranges of values in healthy controls and patients with Ci were different from each other. Comparisons between the groups were statistically significant (P Ͻ0.001 for healthy controls vs CAH patients, CAH vs Ci patients, and healthy controls vs Ci patients). Circulating TIMP-2 concentrations showed only small changes between the groups. Values in healthy controls and patients with CAH were not significantly different (45 Ϯ 14 g/L vs 55 Ϯ 45 g/L). Mean concentrations in patients with Ci were slightly higher (101 Ϯ 101 g/L; P Ͻ0.01), but only 40% (8 of 20) of the values were outside the health-related reference interval.
gelatinase/inhibitor ratios
To calculate the relative inhibition of the two MMPs, we calculated the ratio between the circulating concentrations of MMP-2 and -9 and TIMP-1 and -2. The results are shown in Fig. 2 . Significant differences between healthy controls and patients with CAH were found for the ratios MMP-2/TIMP-1 (5.7 Ϯ 1.1 vs 3.1 Ϯ 1.6; P Ͻ0.0001) and MMP-9/TIMP-1 (3.5 Ϯ 1.5 vs 1.7 Ϯ 1.8; P Ͻ0.0001). At the same time, only the MMP-9/TIMP-1 (1.7 Ϯ 1.8 vs 0.2 Ϯ 0.1; P Ͻ0.0001) and the MMP-9/TIMP-2 (7.9 Ϯ 8.9 vs 2.2 Ϯ 2.1; P Ͻ0.0001) ratios were significantly different between patients with CAH and those with Ci. The MMP-2/ TIMP-2 ratio was not statistically different among all three groups (18.4 Ϯ 6.8 for the healthy controls, 16.7 Ϯ 9.3 for the patients with CAH, and 22.8 Ϯ 16.7 for the patients with Ci).
qualitative rt-pcr of gelatinases and TIMPs in blood cells and liver cells
The expression patterns of MMP-2, MMP-9, TIMP-1, and TIMP-2 in liver tissues and blood cells were different, as shown in a qualitative RT-PCR analysis (Fig. 3) . MMP-2 mRNA expression was strongly detectable in liver cells but below the limit of detection in white blood cells. On the other hand, MMP-9 mRNA expression was strongly detectable in white blood cells but barely detectable in liver cells. TIMP-1 and TIMP-2 were found in both cell preparations.
quantitative rt-pcr of mmp-9, timp-1, and timp-2 in MNLs and PMLs
The results of a quantitative RT-PCR analysis from peripheral white blood cells for MMP-9, TIMP-1, and TIMP-2 are shown in Fig. 4 . MMP-2 is not shown because expression was below the detection limit of our assay.
MMP-9 mRNA expression in MNLs was increased in patients with CAH compared with healthy controls (4300 Ϯ 2900 vs 460 Ϯ 130 RNA-equivalents/cell). However, because of large variation of the observed values in patients with CAH, this difference did not reach statistical significance.
In PMLs, MMP-9 mRNA expression was not different between CAH patients and controls (5300 Ϯ 1900 vs 5250 Ϯ 1100 RNA-equivalents/cell). In contrast, both TIMP-1 and TIMP-2 expression in MNLs was lower in patients with CAH than in controls (5200 Ϯ 1500 vs 7100 Ϯ 1700 RNA-equivalents/cell, P Ͻ0.05 for TIMP-1; and 65 Ϯ 15 vs 150 Ϯ 16 RNA-equivalents/cell, P Ͻ0.01 for TIMP-2). Again, no difference was found in the expression of TIMP-1 and TIMP-2 mRNA in the PMLs of both groups (1700 Ϯ 280 in CAH patients vs 2400 Ϯ 620 in healthy controls for TIMP-1, and 50 Ϯ 9 in CAH patients vs 62 Ϯ 14 in healthy controls for TIMP-2).
The MMP-9/TIMP-1 and MMP-9/TIMP-2 mRNA expression in the different circulating cell populations is shown in Fig. 5 . Significant increases were found for both ratios in MNLs between healthy controls and CAH patients (0.1 Ϯ 0.16 vs 1.2 Ϯ 2.1 for MMP-9/TIMP-1; 3.1 Ϯ 4.7 vs 82 Ϯ 151 for MMP-9/TIMP-2). The relative expression of MMP-9 and both TIMPs in PMLs did not differ between controls and patients with CAH.
correlation between different MMPs, TIMPs, and their ratios and histologic activity Correlation analyses between the different MMP and TIMP RNA and protein concentrations measured in our study and the histological grading and staging of liver biopsies taken at the same time as the blood samples were performed. Plasma TIMP-1 concentrations (r ϭ 0.61; P Ͻ0.001) as well as the serum/plasma MMP-2/TIMP-1 ratio (r ϭ Ϫ0.44; P Ͻ0.01) correlated with the inflammatory activity. However, only the circulating MMP-2/ TIMP-1 ratio (r ϭ Ϫ0.38; P ϭ 0.03) showed a weak correlation to the degree of liver fibrosis. Circulating concentrations of MMPs and TIMPs did not correlate with mRNA expression in MNLs and PMLs.
Discussion
The results of our study show that circulating concentrations of the precursor forms of MMP-2 and MMP-9 as well as TIMP-1 and unbound TIMP-2 change in the course of chronic hepatitis C. ProMMP-2, TIMP-1, and TIMP-2 concentrations increase, whereas proMMP-9 concentrations decrease with advancing disease. Such changes have also been described by other groups (2, 4 -6, 8, 23 ) . Murawaki et al. (4 ) studied serum TIMP-1 values in patients with chronic hepatitis C and found an increase from healthy controls to final stages. They also reported higher serum TIMP-2 values in these patients but stated that their measured TIMP-2 values were less liver specific. Walsh et al. (8 ) reported increased MMP-2 and TIMP-1 serum concentrations in chronic hepatitis C and con- cluded that TIMP-1 within the reference interval values excluded advanced liver disease, but no correlation was found between MMP-2 concentrations and histology. Serum MMP-9 concentrations have been reported to be within the reference interval in patients with chronic liver diseases and even Ci, but increased in patients with hepatocellular carcinoma (24 ) . In our study, patients with carcinoma were excluded and serum MMP-9 values declined in Ci. The difference between our results and those reported by Hayasaka et al. (24 ) can possibly be explained by the fact that the Japanese results were obtained in EDTA plasma, whereas we assayed serum samples. Jung et al. (22 ) found that the Fuji-MMP-9 antibody, which is used in the commercial assays used by us and the Japanese group, gives measurable MMP-9 values in serum that may be up to 20-fold higher than in EDTA plasma. Therefore, it is possible that the assay could not discriminate in the lower range because of reduced analytical sensitivity caused by a higher CV.
The values of all measured proMMPs and TIMPs in the different groups (controls; patients with chronic hepatitis C, and patients with Ci) showed substantial overlap, and only the circulating TIMP-1 concentrations showed a correlation to the inflammatory activity quantified in liver biopsies (14 ) . Such a correlation between serum TIMP-1 values and inflammatory activity has also been found by other groups (2, 7, 8, 25 ) .
In contrast, none of the MMPs and TIMPs measured in this study showed a significant correlation to the extent of fibrosis in the biopsy, irrespective of significant differences in mean values between the groups. Others have found a significant correlation between circulating TIMP-1 and the degree of fibrosis in CAH patients, but the reported correlation coefficients were low (r between 0.30 and 0.40) (2, 7 ) . In our study, the coefficient was 0.31, but the correlation did not reach statistical significance. TIMP-2 also correlated to fibrosis in patients with chronic hepatitis C in a study by Walsh et al. (8 ) , who at the same time found no correlation between fibrosis and MMP-2. On the other hand, Kasahara et al. (2 ) reported a weak correlation (r ϭ 0.26) between fibrosis and MMP-2.
Therefore, alterations in circulating TIMP-1 concentra- tions and their correlation to inflammatory activity seem fairly well established, whereas correlations between MMPs, other TIMPs, and histologic changes are found less consistently. All groups found substantial overlap between different patient groups and disease stages (2, 7, 8) , and no firm correlation has hitherto been demonstrated for any of the metalloproteinases or TIMPs and fibroproliferative activity. Looking at the cellular origin of the measured MMPs and TIMPs, we found that MMP-2 mRNA was abundant in liver tissue but could not be detected by RT-PCR and agarose gel electrophoresis in white blood cells, neither in MNLs nor in PMLs. In contrast, MMP-9 was readily detectable in white blood cells but could hardly be detected in liver tissue, where it is localized in Kupffer cells (26, 27 ) and has been found mainly in patients with hepatocellular carcinoma (28 ) . Both TIMP-1 and TIMP-2 were found in liver and in white blood cells. In an earlier study, we were able to show that the TIMP-1 content in liver tissue is much higher than that of TIMP-2 (1 ).
It is well known that both MMPs and TIMPs are produced in circulating white blood cells (29, 30 ) . Our results show that the mRNA for MMP-9, TIMP-1, and TIMP-2 can be detected in both MNLs and PMLs. We also were able to quantify the mRNA expression of these proteins, showing that expression of MMP-9 was increased in MNLs of some patients with chronic hepatitis compared with healthy controls. In contrast, expression of both TIMP-1 and TIMP-2 mRNA declined in MNLs of patients with hepatitis C. In PMLs of healthy controls and patients with chronic hepatitis, there was no difference in the expression of all three proteins. No correlation was found between the changes in mRNA content of MNLs and the alterations of the circulating concentrations of the corresponding proteins. However, this may in part reflect limitations of the available assays. Because the assays for MMPs do not detect the active protease, this might obscure a correlation, although active proteases constitute only a small portion of the total amount of these enzymes. More importantly, because the TIMP-2 assay does not detect complexed TIMP-2, it is impossible to determine a correlation between total TIMP-2 and cellular mRNA expression. Nevertheless, no correlation could be found between changes in mRNA expression of the individual proteins and histological inflammatory activity or the extent of fibrosis. Therefore, we suggest that alterations in the circulating protein concentrations seen in liver disease are not derived mainly from blood cells and that expression of MMPs and TIMPs in these cells is influenced by factors other than liver damage as such. The relationship between altered MMP and TIMP expression in MNLs and chronic liver disease may be mediated by several factors, such as cytokine activation, viral load, or hypersplenism (30, 31 ) . In addition, it is possible that alterations in the composition of the MNL subpopulation may contribute to the observed differences in RNA-equivalents per cell.
Our study addresses potential alterations in matrix degradation contributing to enhanced matrix deposition. Therefore, we also calculated the ratios between the MMPs and TIMPs measured in this study. Clear changes of the MMP-2/TIMP-1 and the MMP-9/TIMP-1 ratios in serum and plasma became evident between controls, patients with chronic hepatitis, and patients with Ci, whereas neither the MMP-2/TIMP-2 nor the MMP-9/ TIMP-2 ratio showed relevant changes. The decline in both the MMP-2/TIMP-1 and the MMP-9/TIMP-1 ratios are largely attributable to the increases in circulating TIMP concentrations. When correlating the calculated ratios with histological data, we found that the MMP-2/ TIMP-1 ratio significantly correlates to both inflammatory activity and the extent of fibrosis, with r values of Ϫ0.44 and Ϫ0.38, respectively.
The ratio between MMP-2 and TIMP-1 has been evaluated before. Kasahara et al. (2 ) reported that in patients receiving interferon therapy for chronic hepatitis C, this ratio was correlated to interferon response. The lowest values were found in sustained responders, the highest values were found in non-responders, and transient responders showed intermediate values. It is known that interferon response is better in patients with low inflammatory activity and little fibrosis. Therefore, our results and those of the Japanese group are in accordance, although in the study by Kasahara et al. (2 ) , no direct correlation between histology and the MMP-2/TIMP-1 ratio was reported.
In conclusion, our study demonstrates that in patients with chronic hepatitis C, alterations in the expression of MMP-9, TIMP-1, and TIMP-2 in peripheral blood cells are observed and are likely to be induced by the inflammatory process. However, these alterations in expression do not explain the changes in circulating protein concentrations and do not mirror the progression of the disease in the liver. Changes of the circulating MMP and TIMP concentrations correlate poorly to inflammatory activity and fibrosis in the liver. Only the MMP-2/TIMP-1 ratio, which reflects an increasing dysbalance toward the TIMP-1 concentration, correlates to both inflammatory activity and extent of fibrosis. Future prospective studies must clarify the value of the MMP-2/TIMP-1 ratio as a serum marker for disease progression and prognosis in patients with viral hepatitis and other chronic liver diseases.
